Accumulating evidence has reported that prolonged periods of sedentary time have been recognized as a risk factor for cardiocerebrovascular disease. However, whether high levels of sedentary behavior are associated with an increased risk of cardiocerebrovascular disease in different regions remains unclear.
Introduction
Since the industrial revolution, the development of new technology has exerted a great impact on people's lifestyles, and the amount of sedentary behavior people engage in is rising not only in high-income areas but also in middle-and low-income areas. [1, 2] Growing evidence demonstrated that a large amount of sedentary behavior, independent of physical activity levels, is obviously associated with an increased risk of cardiovascular disease (CVD), stroke, metabolic syndrome, diabetes, obesity, mortality, and some cancers in the general population. [3] The LIFE study team found that there was a 1% increase in CVD risk for every increase of 25 to 30 minutes of daily time spent in sedentary behavior among older adults. [4] On the contrary, recent studies have also shown that individuals who had a CVD, diabetes, obesity, and other diseases often spend over 80% of their daily time in sedentary behavior compared with 50% to 60% in healthy individuals, which caused poorer outcomes during the rehabilitation stage, especially the rehabilitation of myocardial infarction (MI) and stroke. [5] [6] [7] [8] The Perth Community Stroke Study, containing 138,708 participants, reported that approximately one-third of stroke survivors might have another stroke within 5 years. [9] Up to now, however, the causal relationship between sedentary behaviors and diseases remains unclear. [10] MI and stroke have become leading health problems worldwide, and they are the most common cause of mortality and long-term disability. [11] [12] [13] [14] [15] Physical activity has been identified to decrease the risk of MI and stroke, but the protective effect may be negated by prolonged periods of sedentary behavior. This is also why people in moderate or high physical activity groups also suffer a high prevalence of MI and stroke. [1, 2, 16] Therefore, it is disturbing that the vicious circle between excessive sedentary behavior and cardiac-cerebral vascular diseases continues, even with moderate or high physical activity.
To the best of our knowledge, most data on sedentary behavior correlations in people are from western and high-income countries, with very little from the low-and middle-income countries of the world. [1, 17] Furthermore, sedentary behavior has been recognized as a public health issue only in the past decade, and therefore, few standardized instruments are available for its assessment. [17] China, one of the middle-income countries, has great interregional differences in socioeconomic statuses and the prevalence of CVDs among the different regions. For example, the results from the Prospective Urban and Rural Epidemiological (PURE) Study showed that the prevalence of total CVD was lower in high-and middle-income regions than in low-income regions (7.46%, 7.42%, and 8.36%, respectively). [18] Taken together, it is necessary to assess the relationship between sedentary behavior and MI and stroke in the various domains of China. It may increase awareness of people in understanding the determinants of sedentary behavior in MI and stroke and provide the basis for behavior changing strategies.
Methods

Study design and participants
This cross-sectional survey was supported by the National Key R&D Program in the Twelfth Five-year Plan (No. 2011BAI11B01) from the Chinese Ministry of Science. Using a stratified multistage random sampling method, Jiangxi Province was divided into urban areas and rural areas based on administrative data, including 4 cities and 4 counties. The details of the overall study design are described below. Eight different areas were selected using the probability-proportional-to-size method, in which 2 districts or 2 townships were selected. Next, 3 communities or villages were chosen within each district and township, respectively, using the simple random sampling (SRS) method. [19] Finally, a given number of participants from each of the 14 gender/age strata (men/women and aged 15-24, 25-34, 35-44, 45-54, 55-64, 65-74, and ≥75 years) were chosen according to their economic, physical, and sociocultural environments, balanced by the feasibility of the stratum to achieve representative data and accurate conclusions. Standardized approaches were used for the registry of households, which included information compiled by the local government, identification of individuals, recruitment, and data collection. [19] The design effect was also considered while estimating the sample size. Assuming a design effect of 2.5 and a prevalence of hypertension of 17.7% among the population aged 15 years and older, it was estimated that 15,200 participants were required for the analysis to ensure that the average lengths of the 95% confidence intervals (95% CIs) for prevalence in the entire population and in the subpopulations, defined by age and gender, were less than 0.4% and 1.8%, respectively. [19] As a result, 15,364 residents aged 15 years and older who were intending to stay locally for more than 6 months were approached for this survey from November 2013 to August 2014. After excluding participants with missing data, including MI, stroke, and sedentary behavior, the final sample size for analysis varied by the outcome of interest was 13,710 participants, as shown in Fig. 1 .
Data collection procedures
Standardized interview-based questionnaires developed by the national coordinating center of Fuwai Cardiovascular Hospital (Beijing, China) were administered by trained personnel to participants. The questionnaire included demographic data (such as age, gender, marital status, area, education, and employment status), behavioral characteristics (such as smoking habits, drinking, physical activity, sedentary behavior, and sleeping time), and medical history (hypertension MI and stroke, which was collected and verified with medical or hospital records).
Physical measurements, including body height, weight, waist circumference (WC), body fat percentage (BFP), visceral fat index (VAI), basal metabolic rate (BMR), heart rate (HR), and blood pressure (BP), were collected by standardized methods for anthropometrics. All investigators were medical professionals who were systematically trained, and standard protocols and instruments were used.
To ensure standardization and data quality, comprehensive operations manuals, reinforced by periodic training workshops and regular communication, were used at all sites. Data were entered locally at each site into a customized database programmed with range and consistency checks and transmitted electronically to the coordinating center, where further quality control measures were implemented.
Anthropometric measurements
Body weight without heavy clothing to the nearest 0.1 kg was measured indoors using an Omron body fat and weight measurement device (V-BODY HBF-371; Omron, Kyoto, Japan). Height was measured without shoes using a standard right-angle device and a fixed measurement tape to the nearest 0.5 cm. WC was obtained to the nearest 0.5 cm by putting the measuring tape at the midpoint between the lower margin of the last rib and the top of the hip bone (at the level of umbilicus) at the end of the expiration. BFP, VAI, and BMR were also measured using an Omron body fat and weight measurement device (V-BODY HBF-371; Omron, Kyoto, Japan). All measurements were taken twice, and the average of the 2 values was used. BP and HR Yu et al. 97: 44 Medicine were measured 3 times on the right arm of the participants using an electronic BP monitor (Omron HBP-1300; OMRON, Kyoto, Japan) after a rest of at least 5 minutes, with a 30-second interval between measurements. The process of measuring BP was performed according to the 2010 "Chinese Blood Pressure Measurement Guidelines." [20] Systolic BP (SBP) and diastolic BP (DBP) were defined as the average of 3 SBP and DBP readings, respectively. Participants were asked to avoid vigorous exercise, smoking, drinking, and consumption of coffee and tea for at least 30 minutes before the measurements.
Ethics statement
All participants who provided written informed consent were enrolled in the study. If the participants were unable to write, fingerprinting was used. This study was approved by the Medical Research Ethics Committee of the Second Affiliated Hospital of Nanchang University and the Fuwai Cardiovascular Hospital (Beijing, China).
2.5. Definitions 2.5.1. Sedentary behavior. Self-reported sedentary behavior was obtained with the following question: "How long do you spend in your sedentary behavior every day, such as sitting or reclining, including reading, watching TV or working online?" Sedentary behavior is defined as any waking behavior with an energy expenditure 1.5 METs, while in a sitting or reclining posture (1 MET is defined as the energy spent when an individual sits quietly).
MI.
Self-reported history of MI was obtained with the following question: "Have you been diagnosed with MI by a hospital?" If respondents answered "yes," they were asked to provide the diagnostic certificate. The electrocardiograms had localized pathological Q waves with or without symptoms; imaging evidence illustrated that the myocardium was thinning or scarring with a loss of contractile force or no viability.
2.5.3. Stroke. Self-reported history of stroke was assessed if respondents answered "yes" to the question, "Have you ever been told by a doctor or other health professional that you had a stroke?" These patients were also asked for symptoms, initial dates, and diagnostic units in order to make a reasonable assessment of the original diagnosis. Stroke included subarachnoid hemorrhage, intracerebral hemorrhage, or cerebral ischemic necrosis, but did not include secondary stroke caused by transient cerebral ischemia, brain tumor, brain metastasis tumor, or trauma.
2.5.4. Hypertension. BP was measured using the Omron HBP-1300 Professional Portable Blood Pressure Monitor (Omron, Kyoto, Japan) 3 times on the right arm supported at the heart level after the participants were allowed to rest for 5 minutes, with a 30-second interval between measurements. [19, 21] SBP or DBP was defined as the average of the 3 SBP or DBP readings. Hypertension was defined as SBP ≥140 mm Hg and/or DBP ≥90 mm Hg, and if the individual was on antihypertensive drugs for 2 weeks. [22] 2.5.5. Low income. Low-income group in China refers to those whose income is lower than the annual or monthly income stipulated by the state or province. The urban low-income people are at the bottom of the society and are the vulnerable groups in the urban society. Most of them are unemployed and outside the system (people who have never worked in state-owned units, relying on working and holding small families to support their families), and disabled and widowed elderly people.
2.5.6. Education. Educational level was divided into 3 domains according to the number of years of education, including 0 to 6, 7 to 9, and ≥10 years. www.md-journal.com 2.5.7. Behavioral characteristics. Smoking habit was defined as never, current (daily smoking, >6 months), and former (cessation of smoking, >6 months). Alcohol drinking was defined as drinking alcohol at least 1 time per week during the previous year.
[ [23] [24] [25] [26] 2.5.8. Physical activity. Self-reported physical activity was assessed and classified by the International Physical Activity Questionnaire (IPAQ). [27] [28] [29] [30] 
Statistical analysis
All data were established using the EpiData version 3.02 software (Odense, Denmark). After alignment correction, both the Statistical Package for Social Science software 17.0 (SPSS, IL) and Microsoft Excel 2007 were used for statistical analysis. Continuous variables are presented as the mean ± standard deviation and are compared using the t test. Categorical variables are expressed as percentages and were analyzed using the Chisquare test or Fisher exact test, as appropriate. Multivariate logistic regression analysis was performed to evaluate the odds ratio (OR) and 95% CI of MI or stroke being associated with sedentary behavior. Sedentary behavior of < 4 hours/day was chosen as a reference to be consistent with previous studies in the field because most subjects fell in this category. [17] Statistical significance was based on P < .05.
Results
Characteristics of the subjects
As summarized in Table 1 , a total of 13,710 participants of 15,364 eligible participants (5604 men and 8106 women, aged 15-97 years) were included in this analysis. In addition, 1654 participants were excluded due to missing data, including sex, age, sedentary behavior, and history of MI and stroke. Overall, the average age was 53.0 ± 17.9 years. Of the participants, 6955 (50.7%) came from urban areas, and 6755 (49.3%) came from rural areas. The percentages of MI and stroke were 61.3 per 10,000 people (84 cases) and 142.2 per 10,000 people (195 cases), respectively. The mean (SD) values for sedentary behavior were 3.9 ± 2.8, and of the 13,710 participants, 52.9%, 36.0%, and 11.1% reported their sedentary behavior as <4, 4 to 8, and ≥8 hours/day, respectively. Compared with the control group, those who had MI and stroke were more likely to have current habit, history of hypertension, and low physical activity. Overall, there was a significantly increased prevalence of MI and stroke among adults whose sedentary behavior was more than 8 hours. No significant difference in the education, marital status, employment, drink habit, body mass index (BMI), WC, BFP, VAI, BMR, HR, and sleeping time were observed between the control group and the MI or stroke group in this study. Table 2 summarizes the association between sedentary behavior and MI and stroke. There were 84 individuals with incidents of MI and 195 individuals with strokes. The logistic regression analysis showed that longer sedentary behavior was associated with a significantly higher risk of MI and stroke (P < .001). In unadjusted logistic regression analysis, continuous sedentary time correlated with the risk of MI and stroke (OR = 1.23, 95% CI: 1.17-1.29, P < .001; OR = 1.67, 95% CI: 1.57-1.76, P < .001). Further adjusted for sex, age, area, smoking, drinking, hypertension, SBP, DBP, PP, HR, BMI, WC, BFP, VAI, BMR, physical activity, and sleeping time, sedentary behavior was still independently correlated to the risk of MI and stroke (OR = 1.22, 95% CI: 1.168-1.281, P < .001; OR = 1.59, 95% CI: 1.50-1.67, P < .001). When stratified by the categorical variable of sedentary behavior, there was a gradual rise in unadjusted event rates for MI and stroke between short time of sedentary behavior (<4 hours) and longer time of sedentary behavior (≥8 hours) (OR = 204.53, 95% CI: 50.23-832.77, P < .001; OR = 522.26, 95% CI: 129.52-2105.99, P < .001). However, there were no significant differences between individuals in the short time of sedentary behavior (<4 hours) and middle time (4-8 hours) groups (P > .05). After adjustment for potential confounders, compared with individuals in the sedentary behavior (<4 hours) group, those with longer times of sedentary behavior (≥8 hours) were still greatly associated with an increased likelihood of MI and stroke (OR = 176.62, 95% CI: 43.33-719.90, P < .001; OR = 478.52, 95% CI: 118.50-1932.36, P < .001). Therefore, in our study, longer times of sedentary behavior were independently associated with risk of MI and stroke. Table 3 summarizes the relationship between sedentary behavior and MI and stroke according to hypertension. When subgroup analyses stratified by hypertension was performed, the logistic regression analysis found that individuals with hypertension had a higher prevalence of MI and stroke as sedentary time increased (OR = 1.50, 95% CI:1.37-1.64, P < .001; OR = 2.13, 95% CI: 1.92-2.36, P < .001), as well as people with normal BP (OR = 1.13, 95% CI: 1.07-1.20, P = .009; OR = 1.16, 95% CI: 1.10-1.23, P < .001). In addition, the results showed that people with hypertension had a higher risk of MI and stroke than those without hypertension at the same sedentary times.
Association between sedentary behavior and MI and stroke
Association between sedentary behavior and MI and stroke by hypertension
Discussion
Findings from the INTER-HEART and INTER-STROKE studies suggested that the risks attributable to the population for MI and stroke had over 90% correlation in each major region of the world, and approaches to prevention could be based on similar principles in high-income as well as low-and middle-income countries worldwide. [31] [32] [33] In our study, we evaluated the association between sedentary behavior and the risk of MI and stroke. Increasing sedentary time was related to enhanced risk of MI and stroke. In addition, categories of increasing sedentary time were consistently associated with a higher risk of MI and stroke. Furthermore, the detrimental impacts of sedentary behavior were independent of a range of socioeconomic and cardiocerebrovascular risk factors. The results of our study were similar to the previous findings of the adverse effects of sedentary behavior in high-income areas. [1] [2] [3] Although numerous studies have indicated the negative relationship between sedentary time and MI and stroke, agreement about the levels of sedentary duration has not been established because study results were inconsistent. [6, 17, 34] Indeed, the study that first highlighted the detrimental effect of sedentary behavior was conducted only in the past decade. [17] The NIH-AARP Diet and Health Study showed that people whose sitting time ≥7 hours had a greater risk of CVD; this was even among adults reporting high levels of moderate-vigorous Yu et al. 97: 44 Medicine physical activity (MVPA). [6] Participants with over 9.6 hours sedentary time measured by accelerometer from the National Health and Nutrition Examination Survey were obviously related to CVD, [35] such time that was similar to the conclusion of metaanalysis made by Pandey et al. [34] Paul et al [7] found that stroke survivors had significantly higher sedentary time than the controls (20.4 ± 2.7 vs 17.5 ± 3.8 hours, including sleep time). However, in our analysis, we observed that participants who were sedentary over 8 hours in daily life were significantly associated with an increased risk for MI and stroke after adjusting for confounding factors compared with those whose time less 4 hours. There was no difference in people with a sedentary duration of 4 to 8 hours, which was consistent with the results from Pandey et al. [34] Similar results were also found for continuous sedentary behavior with a significantly higher risk of MI and stroke. The inconsistent association of MI and stroke with sedentary behavior from previous studies may be due to racial differences and differences in population and sample sizes, BFP = body fat percentage, BMI = body mass index, BMR= basal metabolism rate, DBP = diastolic blood pressure, HR = heart rate, PP = pulse pressure, SBP = systolic blood pressure, VAI = visceral fat index, WC = waist circulation. P value was calculated by MI or stroke. *
Date is n (%) or mean (SD).
Yu et al. 97:44 www.md-journal.com measurement methods, and diagnosis of MI and stroke. Excessive sedentary behavior has been reported to be the cause of loss of muscle mass and poor cardiopulmonary fitness, which may be one of the main causes of diseases. [36, 37] People from different regions and races have their own physical fitness and resistance, particularly in Asia and Europe, as well as different colors. Therefore, it may explain the different sedentary time cutoffs from studies related to the risk of MI and stroke. However, our findings with respect to MI and stroke are consistent with the results from the World Health Organization's study, in which participants whose sedentary time was >8 hours per day had a high risk of stroke. [38] Future studies with respect to the relationship between sedentary behavior and MI and stroke need larger sample sizes and should consider the consistency in measurement and classification methods for sedentary behavior, in greater detail, to increase the reliability and accuracy of the conclusions.
Our study also examined the association between sedentary behavior and MI and stroke according to hypertension. Increasing evidence has demonstrated that excessive sedentary behavior often makes for mass inactivity, which is different from lack of physical activity, decreases aerobic fitness, disturbs metabolism, vascular health, and perfusion, and results in an increased risk of many chronic diseases. [36, 39] The formation and progress of hypertension are obviously associated with these facts and lead us to suppose that there was a certain relationship between sedentary time and MI and stroke based on hypertension. Actually, in our analysis, we determined that people with hypertension had a higher risk of MI and stroke at the same sedentary time. Findings from Pandey et al [34] showed that the association between sedentary time and the risk for CVD is nonlinear, with an increased risk only at very high levels. In our survey, we also got the same results: that prolonged periods of sedentary behavior of more than 8 hours might spark a pandemic of MI and stroke, though individuals with hypertension tended to be more obvious and had greater harm. These results may also be caused by long-term loss of muscle mass and low cardiorespiratory fitness, because once they lose the last line of defense, diseases outbreak and the risks continued to increase. Overall, our study demonstrated that people who spent more than 8 hours on sedentary behavior in their daily life may face huge potential risks for MI and stroke events, especially those with hypertension.
This study has several limitations. First, it is a cross-sectional study that cannot establish causal relationships. Prospective longitudinal data are needed for future research. Second, participants in the study were from Jiangxi Province, China, and hence, the generalizability of the results to other populations remains to be verified. Third, sedentary behavior was assessed by self-reporting. Therefore, imprecise reporting of the variables, at least in part, may have occurred, and an overall tendency to overestimate, compared with objective measurements, was inevitable, which may have exaggerated the potential harmful effects of sedentary behavior. Fourth, MI and stroke were also assessed according to the self-reported questionnaire responses. The type and extent of MI and stroke was not evaluated accurately. Finally, although we considered demography, smoking, and drinking habits and several risk factors, such as BMI, WC, and hypertension, the influence of the potential confounding effects cannot be excluded entirely. Despite these limitations, our study has several strengths. An important merit is that this is the first study to assess the association between sedentary behavior and MI and stroke in southern China. Another strength is the prospective study design and inclusion of a large sample from the general population, based on city-genderage distribution, whereby the validity is improved over that of studies based on hospital data; moreover, the data in our study were obtained from face-to-face interviews, which are more reliable than telephone interviews.
Conclusion
Our findings demonstrated that excessive time spent in sedentary behavior was strongly associated with a high risk of MI and Table 2 Association between sedentary behavior and MI and stroke risk. Yu et al. 97:44 Medicine stroke events, and this association was independent of demography, physical activity levels, and other risk factors. The results of our study provide robust evidence to support the guideline recommendations regarding the reduction of sedentary behavior in daily life. In addition, given the increasing prevalence of MI and stroke, clinicians should encourage patients who are at risk of developing cardiocerebrovascular diseases to decrease their sedentary behavior.
